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VCA08ULL KOMOPble NPU ONPeOeieHHbIX OONYUJeHUSAX npuemiembl Ol 00eux cmopoH (0onycmumole YCiosus), U
VCA08UL, HecOOMOOeHUe KOMOPbIX HeOONyCmumo O 0OHOU UlU 08YX CMOPOH (npedeivhvie). Kpome smoeo,
paccmompen  ancopumm HpOGEPKU CUN08020 000PYOOBAHU CUCHEMbl DJeKMPOCHAOICEHUs. HA npeomem
cnocobrocmu  obecnewums coomgemcmesyowue pedxcumsvl pabomol. Iloxazano Kakum o06pasom meniosvie
MOOenu INeMEHMO8 CUCIEMbL INEKMPOCHADICEHUSL MO2YM Dbl UCNOIB3068ANbL 01 NOTYYEHUsI ONMUMATbHBIX,
O00ONYCMUMbIX U NPeOesibHbIX N0 HASPY30YHOU CHOCOOHOCMBIO YCIOBUIL.
Knroueeble cnoea. axTHBHBIA TOTpeOMTENb, TpadUK HATPY3KH, ONTHMHU3AI[MOHHAs 3ajada, CHCTEMa
3NIEKTPOCHAOKEHUS, HATPY30UHAsI CIOCOOHOCTb.
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JIBYXOTAITHBIN AJITOPUTM BBIBOPA CTPYKTYPHI U
IHAPAMETPOB MUKPOCHUCTEM C YYHETOM ®AKTOPA
HEOIIPEJAEJEHHOCTH

B pabome npeocmaenenvi pe3ynomamvi UCCIEOOBAHUL CEAZAHHBIX C  PA3PAOOMKOU  O08YXIMANHO20
anzopumma 8ul6opa ONMUMATLHBIX CIPYKMYPLL U RAPAMEMPO8 2eHEPUPYIOUUX UCTHOYHUKOE 8 A6MOHOMHOU
murpocucmenme. [Ipednoscennas Ons OaHHOU yeau npoyedypa no360sem yiechb HeOnPeOeieHHOCMb UCXOOH O
uHgopmayuy, a makdice MHOLOKPUMEPUATLHBIL Xapakmep paccmampusaemoli 3aoauu. Ha nepeom smane
cpasHeHue npedsapumensHo CHOPMUPOBAHHBIX 8APUAHMOE NOCMPOCHUA MUKDOCUCTHEMbI OCYIECTNBIACTNCA HA
OCHOBe aHANU3A MOOUPUYUPOBAHHBIX MHOZOMEPHBIX WIAMENHCHLIX MAMpuy ¢ UCNOTb30BAHUEM Kpumepues
meopuu uep u noxooa bewtmana-3ade K MHO2OKPUMEPUATLHOMY HNPUHAMUIO peuleHull, 4mo no360Jsem
8bI0EIUMb  0ZPAHUYEHHOe YUCA0 Hauboiee payuoHarbHuix arvmepramus. Ha emopom smane evibop
ONMUMATBHO2O PeeHUs OCYWeCmBIAemcs nymem peanu3ayuu npoyeoyp UHEeCMUYUOHHO20 MEeHeONCMEeHMa,
npu UHMePBAaILHOM 3A0AHUU PAOA PAKIMOPO8, UCHOL3YA 0O0OUIEHHYIO UHINEPBATLHYIO apudmemuKy Xancena.

Kniouesvle cnoea. MUKPOCHCTEMa, TEOpUS WUIP, MHOTOKPUTEPHAIBHOE IPHHATUE DEIISHUH, IO0IX0J
bennmana-3ane, nHTepBasbHas aprdMeTrka XaHceHa.

1 BBenenue

OnmHOM M3 XapaKTepHBIX OCOOCHHOCTEH pa3BUTHS COBPEMEHHOH MHpPOBOI JHEPTEeTHKH SIBIISETCS
MacIITa0HOE pAacCIIMPEHHE HCIONB30BAHUSI HOBBIX TEXHOJOTMH TEHEpallMd W paclpenelieHus SHEPTUH,
COIPOBOXKAEMOE CO3/IaHMEM HMHTEILICKTYa bHbIX ceTedl (smart grid) u mukpocucteM (microgrids), B kauecTBe
UX Ba)KHOTO CTPYKTYpHOro 3iemMeHTa. Llenmecoobpa3HocTs (GpopMHPOBaHMS MHUKPOCHCTEM OOBSCHSAETCS PSIOM
npuunH. Ipexnae Bcero, B 3TOM Cilydae MpoIle 3aJeHCTBOBATh BO30OHOBIIIEMbIE HCTOYHUKH YHEPTHH, a TAKXKe
HCTOYHHKH, HCTIONB3YIOMINX MECTHBIE ChIPhEBBIE Pecypchl. [IoMHMO 3TOro 0YeBHIHO, YTO B JAHHBIX YCIOBHUSIX
BBEZICHHE B pabOTy HOBOTO COBPEMEHHOTO TCHEPUPYIOLIETO 000pYIOBaHMS peanu3yercs ObICTpee, BOSHHUKAET
BO3MO)KHOCTb CHHM3WTH JKCIUTyaTal[IOHHBIE 3aTPaThl, YPOBEHb BHIOPOCOB B OKpY’Kalomlyro cpexy. KommakTHOE
pacIoNno)XeHne UCTOYHUKOB M MOTPEOUTETIeH SHEPTUH MTO3BOJIIET COKPATHUTH TIOTEPH SHEPTHH, CBSI3aHHBIE C €€
nepesadeii ¥ pacnupeneNeHueM 10 3JIEKTPHIECKUM U TeIIOBBIM ceTsiM. Kak MoKa3bIBalOT MCCIEIOBAHMS H yXKe
CYIIECTBYIOIIAs MPAKTHKA, B MUKPOCHCTEMax OOECTIeYnTh BBICOKYIO HaJEKHOCTH JIErde, YeM IPH OpHECHTALNN
WCKITIOUYNTETHHO HA IEHTPAIM30BAHHOE 3NeKTpocHadxeHue. [Ipn 3ToM MHKpocrcTeMa MOXET paboTaTh Kak B
aBTOHOMHOM pEXHME, TaK ¥ Mapajjie]bHO CO CMEKHBIMH MHKPOCHCTEMaMH WIM B IEPCIIEKTHBE
MHTETPUPOBATHCS B DJIEKTpHUECKHe ceTH 3HeprocucreM [l]. dopMmupoBaHME aBTOHOMHBIX MHKPOCHCTEM
SIBISIETCS. AKTYaJIbHOM 3aJaueid B YCIOBUSX YKpauHbl, YYMUTBhIBas, 4YTO Ha CErOAHSIIHANA JEHb B CTpaHe
OTCYTCTBYET HEOOXOIMMBIE NPaBOBasi 1 HOpMAaTHBHAas 0a3bl, PErIaMEHTHPYIONINE, B YaCTHOCTH, TEXHUYECKHUE
TpeOOBaHMSI HMHTETPALMH IOJOOHBIX CTPYKTYp B IEHTPAIN30BAHHBIE CHUCTEMBI JIJIEKTPOCHAOXKEHNS,
BO3MO)KHOCTD M YCIIOBHSI PEATN3aIMH M30BITOYHON 3JIEKTPUIECKON M TETUIOBOM SHEPTHUH.

Bmecre ¢ Tem, mms Toro, 4roObl MHKpPOCHCTEMa OTBeHYala yKa3aHHBIM TpeOOBaHMAM, HEOOXOIUMO
BBIMOJHEHWE psiJa YCIOBHH. 34ech ONHOW W3 BAKHEHIINX M TIEPBOOYEPENHBIX 3a/1ad  SBISETCS
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apryMEHTHPOBAHHBI BBIOOP CTPYKTYPHI TEPBUYHBIX HCTOYHWKOB JHEPIUH M ONPE/ACIICHHE ONTHMAaJILHOI'O
COOTHOIIIEHUsS] HOMMHAJIBHBIX MOIIHOCTEH BCEX THUIIOB TI'EHEPUPYIOUIMX HCTOYHUKOB, BXOISIIUX B COCTAaB
€03/1aBa€MON MUKPOCUCTEMBI.

2 IlocTaHoBKa 3a1a4 BHIOOPA ONTHMAJBHBIX CTPYKTYPHI H NAPpaMeTPOB MUKPOCHCTEM

AHanu3 BO3MOXXHBIX aJIbTEPHATUBHBIX PEHICHHH C LENBI0 BBIOOpa ONTUMAIIbHOM CTPYKTYPHI M TapaMeTpoB
MHUKPOCHUCTEMBI TPEIJIaraeTcsi OCYIIECTBIISATh C YYETOM HECKOJBKHX TIpynn (HaKTOPOB SKOHOMHYECKOTO,
TEXHUYECKOT 0, COLMAJIBHOTO U T.I. XapakrepoB. OUeBUIHO, YTO Ha NPEJBAPUTENILHON CTaJuU IPOEKTUPOBAHUS
JieTan3anysl KOJTMIECTBEHHBIX XapaKTEPUCTHK BCEX MCIIONB3YeMbIX (PAKTOPOB JUIS KaXKAOW albTepHATHBHI HE
TOJIKO HEBO3MOXKHA, HO U Hellellecoo0pa3Ha, YTo IperonaraeT Ux 3aaHue B MHTepBaJIbHON (opme.

Ha nanHOM 3Tame TexHMYecKas CTOPOHA MPOEKTa XapaKTEepU3YeTCs BEINYMHOM BPEMEHH HCIONb30BAaHUS
MakcuMyMa (7Tmax), KOTOpasl Ui KaIOW XapaKTepHOM S-Off TEXHOJOrMW TeHEepaluH SHEPriH 3a/laeTcsl B

uHTepBanbHOH opMe (L gmax — T smax ). B KauecTBe SKOHOMHYECKHMX TOKa3aTeseil MCIONB3YIOT yIENbHbIE

KalmuTaJIbHBIC 3aTpPaThl ( Z, . — Zkxs ) U YACIBHBIC DKCIUIyaTallUOHHBbIC U3ACPXKKU ( Z, . — Zys ), 3HAUCHUA KOTOPBIX
—KS —Uus

MOoryr OBITE MOJTYYCHBI ITYTEM 0606I_I_IGHI/I$I JAaHHBIX UMCIOIUXCS B OTKPBITHIX UCTOYHHKAX.
B oarom ciiydyac TIIipyd CpaBHCHHU BApUAHTOB, COOTBETCTBYIOIIME OKOHOMHWYCCKUC I1OKA3aTC/IN
npeanojIaracMbix K UCIOJIb30BAHUIO I'CHEPHUPYIOHMINX YCTAHOBOK PAaCCUUTBIBAIOTCA CIICAYIOIUM 06p3.30M

Zys = ZisPaows + Zus = ZusPuowsT smax »
rac PHOMS — npeanojaracéMasa HOMHUHaJIbHasA MOITHOCTb FeHepI/IpyIOH_[eFO HUCTOYHUKA,
Tsmax — XapakTepHOE AjIs INaHHOM TEXHOJOTMYECKOM YCTAaHOBKM 3HAYE€HME BPEMEHH HCIIONIL30BAHUS

MaKCUMyMa.

B kadecTBe COIMANBHBIX (PAKTOPOB, MOAJAIOIIMXCS KOIMYSCTBEHHOW OILIEHKE, MOXXHO paccMaTpHBATh
WHJICKC CHW)KEHHS BBIOPOCOB B OKpyxarlyto cpeny (V), Hanmpumep CO,, 3a cyeT MpUMEHEHHs MpeJyiaraeMoit
TEXHOJIOTUH T€HEePAIUY YHEPTHUH.

JlaHHbI# 1OKa3aTeNb [IPeAIaraeTcsi OLEHUBATh CIIEAYIONIMM 00pa3oM

Vs = Mo —V7)PiowisTsmax
rae Vp, — yneneHeri (Ha 1 kBT 1) ypoBenp BeIOpocoB CO,, mpemmaraeMod K NIpHMEHEHHS S-if
TEXHOJIOTMYECKON YCTaHOBKH;
Vp — cpennuii no Ykpaune ypoBeHb BeIOpocoB CO, Ha 1 KBT 1 reHepHpyeMoii 371eKTpOIHEPTUH.
Tak Kak COOTBETCTBYIOLIAs XapaKTEPUCTHKA AT Ka)JOH TEXHOJIOTMYECKOM YCTAaHOBKHM B JIMTEpaType

3ajjaeTcsa B UHTepBanbHOM BuUAe (Vqg—VTs), TO €CTECTBEHHO, YTO M IIOKasaTenb V OyJeT IpencTaBieH

HHTEepBaJbHOM BemmanHO# (Vg —Vs).

E1e omHUM Ba)KHBIM IOKa3aTesieM, KOTOpPBIf HEOOXOAMMO NIPUHUMATh B YYET Ha IPEIBApPUTEILHOM JTarle
MPOSKTUPOBAHMS MUKPOCUCTEMBI, ABIAETCS (DaKTOp pHcKa. B YacTHOCTH, TEXHHYECKUH PHUCK, OTPaXKarolInii
BO3MOXKHOCTb TOT'0, YTO IPOEKTHpyeMas MUKPOCHCTEMa HE CMOXKET BBIIATh B CETh OMPENCICHHYIO BETHUUHY
MOIIHOCTH, MOXKET OBITH OLIEHEH B COOTBETCTBHU CO CIESIYIOIIMM BBIPayKeHHEM

S
Rr ==X psinps,
s=1

i€ Ps — JOJISE COOTBETCTBYIONIEH TEXHOIOIMU B YCTAHOBJICHHONW MOIITHOCTH MHKPOCHCTEMBI;

N — KOJMYECTBO UCTIOJIB3YEMBIX B MUKPOCHCTEME TEXHOIOTHIECKHX YCTaHOBOK.

@DUHAHCOBBIA PUCK, KaK OyJeT MOKa3aHO HIKE, OLEHWBACTCS KOCBEHHBIM ITyTEM Ha OCHOBAHMM aHAIHN3a
TIPUBEICHHBIX BBIIIE YKOHOMHYECKNX (CTOMMOCTHBIX) XapaKTEPUCTHK MPOEKTa.

Takum oOpazom, paccMaTpuBaeMmasi 3afjada BBIOOpAa ONTHMAIBHOW CTPYKTYPHI (COCTaBa) W IapaMeTpoB
(MOLTHOCTEH OTIENBHBIX TEHEPUPYIOIINX YCTAHOBOK) MHKPOCHUCTEMBI, IO CYTH, CBOJHUTCS K IIPOLEAype
CpaBHEHUS psAa adbTEPHATUBHBIX BAPUAHTOB C LIEJBI0 BEIOOpA HAMIYUIIEro 0 COBOKYITHOCTH Pa3HOIUTAHOBBIX
mokazatesneid. COOTBETCTBYIOUTUH adTrOpUTM B 00IIIEM BHIE MOXKET OBITh MPEICTABIICH CIECAYIOMINM 00pa3oM.

3amaercsa oOmas cymMMapHash MOIIHOCTh MPOCKTUPYeMOil MHKpocucTeMbl (P.;). DKCIepTHBIM ITyTeM
OTIpEZIETISIETC MEepeueHb MOTEHINAIbHBIX T'€HEPUPYIOUINX YCTAaHOBOK, KOTOpPBIE, C YyYETOM KOHKPETHBIX
MECTHBIX YCIIOBHH, TEOPETUUECKH IIEIEeCO00pa3HO ObLTO OBl MCIOIB30BATh IS PEIICHNS IOCTABICHHO 3a/1a4n.
Ecmu mormycTuTh, 4TO OrpaHWUYEHHs MO yCTAHOBJICHHOW MOIIMHOCTH UIs JIFO0OHM TEeHepHpPYIOMIeH YCTaHOBKH
OTCYTCTBYIOT, TO, B IIPHHIIMIIE, TpeOyeMasi CyMMapHasi MOITHOCTh CTaHIIMM MOXKET OBITh oOecTieueHa Ipu JIr000i
KOMOMHAmuu JAByX M 0ojee TEHEepHpYIOIINX YCTAaHOBOK pAa3JIMdHOTO THIA IIpU COONIoNeHWH OanaHca
MOIIHOCTEN

S

2Ps=F.,, (1)
s=1

rae S — KOJIMYECTBO THIIOB TCHCPHUPYOIIUX UCTOYHUKOB COCTABJIAIOIINX MUKPOCUCTEMY.
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Z[J'IH B},16opa BCJIINYUH PS, S= 1, ey S NEPBOHAYAIBHO JJId KaXXJA0ro n3 UCTOYHHUKOB 3a1at0OTCSI MHTCPBAJIbI
JAUCKPETHOCTH AP, , i= S, ..., S mMeHeHus MOIIIHOCTGI7[ OTACJIbHBIX TCHEPUPYIOIINX UCTOYHUKOB. Ilocme sToro

(dbopMupyercs mporenypa, cocTosimas U3 S BIOKEHHBIX LUKIIOB, KOTOpas IO3BOJISICT, YYUTHIBAs TNPHHSTHIC
WHTEPBANIbl JMCKPETHOCTH, ONPEAEIUTh BCE BO3MOXKHBIE KOMOHMHAIWMK (BapHUaHTBI) COUYETAHUS IEpEMEHHBIX
(MOIITHOCTEH OTAENBHBIX TEHEPUPYIOUINX YCTAHOBOK), 00EeCIIeUMBAaONINeE BBITTOHEHHE yeinoBus (1).

Takum o0pa3oM, mocTaBlieHHas 3a/ladya 3aKJIIOYAeTCsl B CPAaBHEHWH CIEHEPUPOBAHHBIX aJbTEPHATHBHBIX
BapUaHTOB, B PE3y/bTaTe YEro JOJDKEH OyleT oIpelielieH OAUH MM HeCKOJIbKO Haubonee MpeArouTUTEIbHBIX
10 COBOKYITHOCTHU YKa3aHHBIX BBIILIE KPUTEPUEB.

OnmHUM W3 TPaJMIMOHHBIX ITyTeW pelIeHHs! MOJOOHBIX 3a1ad SBJSIETCS WCIIONb30BaHKE almapaTa TeOpUur
UTp, YTO MO3BOJSET YCTAaHOBUTH IPHUHIUIBI Pa3yMHOCTH, JOKa3aThb CYLIECTBOBAHWE U BBIIBUThH DEIICHUS,
YIIOBJIETBOPSIOIINE JaHHBIM MpUHLMIAM [2, 3].

OOmMM CBOWMCTBOM HEIETEPMHUHUPOBAHHBIX 33714 SIBJIAETCS HEOOXOIUMOCTh BapbHUPOBAHMS 3HAUYCHUSMHU
WCXOJIHBIX JAaHHBIX. 3[1ECh CIEAYEeT YUUTHIBATh, YTO CONOCTABIATHCS MEXKAY COOOH MOTYT TOJIBKO T€ BaPHAHTHI
pelieHus], KOTOpble OLEHUBAIOTCA MPU OJHOM M TOM K€ COYETaHHM AaHHBIX. [IpH 3TOM OT TOro, HaCKOIBKO
yIauyHoO BbIOpaHbl KOMOMHAIIMM UCXOJHBIX AaHHBIX, 3aBUCHT TMOJHOTA ¥ JOCTOBEPHOCTh AajbHEHIIEro aHaIu3a.
Takum o0pa3om, HEOOXOIHMMO, YTOOBI OTOOpAHHBIE MPEICTABUTEIBHBIE TOUYKH Xj HEKOTOPOTO HETPEPHIBHOTO

MHOXeCTBa [X...X] ObLIM paBHOMEPHO (B OMPE/CICHHOM CMBICIIE) pachpeneseHbl B mpeaenax JaHHOH 0071acTy,

YTO JaeT BO3MOXKHOCTh OXapaKTepU30BaTh HAWIYYIIMM 00pa3oM BCIO 00NacTh BapbUpOBaHUS (DAKTOPOB B
IEJIOM.

B pabote [4] ObUTIO MOKAa3aHO, YTO MPU BO3MOXKHOCTH PEaH3aIMd OTHOCHUTEIHLHO HEOOJBIIOrO YHCIIA
OIBITOB, HamOoJiee MOJHBIH M PABHOMEPHBII aHalW3 BCEd MHOTOMEPHOH 00JIaCTH JIOMYCTHUMBIX 3HAYSHHWH
rapaMeTpoB JIOCTUTAETCS ITPU UCIOJIb30BaHUH, TaK Ha3biBaeMbIx, JI[1; mocnenoBarensHOCTEN.

IIpennoxeHHslil B [4] anroput™ no3Bonser Noay4uts Touku Q;, ¢ koopauuatamu g, i=1, ..., I, j=1, ...,

n
N, KOTOpble 00Pa3yloT PaBHOMEPHO paclpeae/ieHHbIe OCIe0BaTeIbHOCTH B OMUHOYHOM N-MepHOM Kybe K.
KoopanHaTel HCKOMBIX TOYEK BBIYUCIISIOTCS HA OCHOBAHUH CIIEAYIOLIETO BBIPaXeHUs [5]

Gij = 22_k+1{%z[2<i2_z>12(ﬁ( K)ZK_H)]} ’ ?

rae | — HoMep TOYKH;
[a] — o3Havaer nenyro yacTh YMCIa a;

(@) — npexacrapnsier coOoM IPOOHYIO YaCTh YUCHA d;

[
rj( ) OMPEIENSIOTCS 10 CHENUANBHBIM TaOIHIIAM, TIPUBEICHHBIM B [6].

IIpn opueHTanu Ha ammapaT TEOPUU WIp, NPUHATHE PELICHUH HaNpaBlICHHBIX Ha BBIOOp HaMIydIlIeiH
aJbTEPHATUBBl CBSA3aHO C IIOCTPOCHHMEM M aHAJIU30M, TaK HA3blBAEMOM, IUIATE)KHOW Marpuubpl. B
paccMaTpuBaeMoM 3ajaue CTPOKM JAaHHOW MaTpPHIBl COOTBETCTBYIOT Pa3iIMYHBIM aJbTEPHATUBAM IOCTPOCHUS
MHUKPOCHUCTEMBI, @ CTOJOLBI — COCTOSHMSAM IIPUPOIBI, T.€. BO3MOXKHBIM 3HAYEHHSAM HMCXOAHBIX IAHHBIX IPH
KOTOPBIX MOXET PEaIU30BbIBATHCS JIaHHAS aJbTEPHATHUBA U OIPE/IENIIEMbIX B COOTBETCTBUH C OIMCAHHBIM BBIIIIE
TIOAXOOM.

[TockonbKy MCXOAHBIE AaHHBIE 3a1aI0TCS MHANBUAYAIBHO JUISL KXKI0T0 U3 TEHEPHPYIOIINX HCTOYHUKOB, &
KaX/bplii aJbTEPHATUBHBIM BapHaHT IOCTPOEHUS MHKPOCHCTEMBI, B OOIIEM CiIydae, HpEICTaBISIET COOOH
KOMOHMHAIIMIO TEHEPUPYIOINX UCTOYHHUKOB C Pa3IMYHBIM HX yIEIbHBIM BECOM, BO3HUKACT 337a4a HHTETPaIbHOM
OLIEHKH aJbTEPHATHB IO KAXXIOMY U3 NEPEUMCICHHBIX BBINIE MOKazaTenel. s JaHHON e mpemiaraercs
HCTIONIB30BAaTh CIEAYIONINE 3aBUCHMOCTH

S —
: - ) [Imaxs Jrst(Tmaxs _Imaxs)]Pis
Ziij = 2 [st *t0js (st —Zys )]pis v Tmaxij = = S ,
: 2 Pis
s=1
S _ s B
Zui = 3 us 0 eus 2 JiTrmany Vi = El{\/o -5 +05 (s -V PpisTmaeps

Zmaxs +T maxs .
2
Pis — MOIIHOCTH S-r0 UCTOYHHKA B i-i1 aJIbTEpHATUBE;

e Tmax cps =

i — HOMep anmbTepHaTHBEL | = 1, ..., N;

j — HOMep BapHWaHTa BapbUPOBAHHS UCXOIHBIX JAHHEIX, | = 1, ..., M;

S — TOpSAAKOBEIA HOMep (THII) WCTOYHMKA TCEHEpPAllMd B COCTaBE MHUKPOCHCTEMBI COTJIACHO
paccMaTpUBaEMOH aJIbTepHATHBEL, S=1, ..., S;
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Qjj — BEIYHMCISCTCS B COOTBETCTBUH C (2) JUIs KaX 10 i-i albTepHATHBEI U j-T0 HA0OPA JaHHBIX.

[Ipu sTOM, yunThIBast, 4T0 3(PEKTUBHOCTH JIIO00H U3 CreHEPUPOBAHHBIX ANbTEPHATHB OIIEHUBACTCS PAIOM
ToKa3aTesiell, © B COOTBETCTBUH C KaXKJIbIM M3 HUX (OpMHUpYyeTcs cOOCTBEHHas IUIATE)KHAs MaTpuIa, TO JUIS
TIOTYYeHHsI PEUIeHUs 3a/lauu B JajbHEHIIEM paccMaTpHUBAeTCs, TaK Ha3blBaeMas, MHOIOMEpHas (TpexMepHas)
IUIaTeXXHas MaTpHULa, KOOPAUHATAMH KOTOPOM COOTBETCTBEHHO SBIIAIOTCS: albTEPHATHUBEI, COCTOSIHUSA NIPUPOIHI,
OLIEHOYHBIE XapaKTepucTuKH (puc. 1)

- -
a -

~
o e

R N A ~ -
o e i i - b d

/ %@e@@o /
e T T ﬂ/
T T 7T G
CocrostHuE cpefpl Kpurepuu O/ T / /::/,
ATNBTEPHATHBEI 1T min | max | . Pe / ? / /,/:
1 J M (max)(min)mmR /////,
A
l- ??
N L~

Puc. | MHOromepHas riate)xHasi MaTpHua

3 IIpouenypa MHOTOKPUTEPHAJILHOTO CPABHEHHUS AJTbTEPHATHB

Jnsa aHamu3a TONYYEHHOM MHOIOMEPHOM IUIATEKHOM MAaTpULbl MOXKET MCIIONb30BAaThCA IOAXOM,
ONMpAOLIHIiCA Ha Ul TpeICTaBIeHHbIe B paboTax [7, 8] 1 OCHOBaHHBII Ha MPOIEIypPEe MHOTOKPUTEPHATIEHOT'O
MIPUHATHS pelIeHui nperioxennon beinmmanom u 3ane [9].

B COOTBETCTBUH C JIAHHBIM MOJIXO0M Kaxas uenesas Gpynkims F,(X) ucxoanoit MHOrokpuTepuanbHOi
3a1a4u

F(X)>extr, r=1,..,q
XelL

3aMEHSETCs HeUYeTKUM MHOXKECTBOM (HEUETKOH LiesieBoi (yHKImeit)
A =Xua (X)f, Xel, r=1,..q,
T pa (X) — QpyHKIMS MPUHAIEKHOCTH HEYETKOMH XapAKTEPUCTHKH Ay,

L — obmacTh JOMYCTUMBIX pEIICHHIHA.
3nech (QyHKIMM TPUHAUISKHOCTH L Ar(X), r=1, ...,  DOKHBl OTpa)kaTb CTENEHb IOCTH)KEHUS

HEYETKMMH LEJIEeBBIMH (YHKIUSAMH CBOMX ONTHMAJIBHBIX 3HAYCHUH. YKa3aHHOMY YCJIOBHIO OTBEYAIOT, B
YaCTHOCTH, ceAyronre GyHKIMN MPUHAIIEKHOCTH

F.(X)-min F(X) T
X)= Xel 3
ha (X) max F (X )—min F.(X) @)
L XelL XelL i
JUTS TIETIEBBIX (DYHKIMH MOTeKAIINX MAKCUMH3AINN
max F, (X)—Fr(X) |
uopp (X)=| X<k 4
ha (X) max F (X )—min F.(X) @)
L XelL XelL i

JUTS LeTIeBBIX (DYHKLMH ITOUIKANMX MUHUMHU3ALUH.
B (3) n (4) mokasarenp A, XapakTepu3yeT CTETICHb Ba)KHOCTH OT/AENBHBIX IIETEBBIX (DYHKIHUH.

[lpn HanmMuuM HeYeTKUX LeJeBBIX (QYHKIMH, penieHne 3axadn GopMUpyeTCs Ha OCHOBE HMCIOJIB30BAHHS
OTIpeIeNIeHHOr0 oreparopa arperupoBanus [10]

1o (X)=a08lp (X)tua, (X)otia (X)), X €L

B TexHMueckoil nuTeparype NMpeayiokeHO CEMEHCTBO pa3sIMuHBIX orepaTopoB arperupoBanus [11]. Ipu
9TOM OTCYTCTBYeT (opMasibHOE OOOCHOBaHME MJIsi BHIOOpAa TOrO WJIM HHOTO OIepaTopa MpH pPEHICHHH
KOHKpeTHOH mpoOmemsl [12]. Cpeam mpemnoKEeHHBIX  ONEPaTOpPOB  arperupoBaHus, HauOOIbIIee
pacnpocTpaHeHHe NONTy4MIa Oepanusl MUHAMU3anuy. B aTom ciaydae umeem

ISSN 2308-7382 (Online) 103



ISSN 1813-5420 (Print). Enepzemuxa: exonomika, mexnonozii, exonozin. 2014. Nel

P«D(X)zr:r?ianAr(x)’ Xel. (5)

A, Y4UThIBas MPUBCACHHYIO BBIIIC UHTCPIIPETAIHUIO q)yHKIII/Iﬁ MPpUHAJICIKHOCTHU, OITUMAJIbBHOMY PCIICHUIO

3aJavuu (X *) 6YZ[YT OTBC€YATH CICAYIOIINEC YCIOBUA

maxpp(X)=max min pa (X)c X" =argmax min pa (X).
XelLr=l,. Xelr=l,. r

Takum o0pa3om, Ha OCHOBaHWHM BbIpakeHHi (3) mim (4), COOTBETCTBEHHO JUIi MAaKCUMH3HPYEMBIX U
MUHAMHU3UPYEMBIX LEJEeBbIX (YHKIHH («CI0EB» MHOTOMEPHOM IUIATeXKHOW MaTpuibl), (GopMHpyroTcs, Tak
Ha3bIBaeMble, MOIU(UIMPOBAHHBIE (HOPMaJIM30BaHHBIC) IUIATEKHBIE MaTpUIBL. B yacTHOCTH, Ui ILIENEBOM
(YHKIMHM, XapaKTEepU3YIOIIEH KalnTaabHbIE 3aTPAThI MOTy4aeM CIeTyIOIy0 MOTU(PHUIMPOBAHHYIO TIATEXHYIO
Matpuiry (tadi. 1).

Tabmuua 1

MOZ[I/I(l)I/IHI/IpOBaHHaH IJIaTCXKHAaA MaTprla 1JIs aHaJIM3a MOKa3aTelid «KalluTaJIbHBIC 3aTPAThD)

CO‘IeTaHI/IH HUCXOOHbIX JAHHBIX
AJbTEepHAaTHBBI -
1 ] M
1 Hzki11 HZk1, Hzk1,M
i Hzki1 Wzki, j W zki,M
N HZkN 1 HZKN, j HZkN, M

[Tpu 5TOM MUHUMAaIILHBIE U MAKCUMAaJIbHBIE 3HAYEHHST KK U3 1IeeBbIX (YHKIIUIA, HEOOXOIUMBbIE /ISt
BBITIOIHEHHUS BBIYUCIIEHNH cornacHo (3) u (4) BRIOMpatoTCs, MPUHIMasi BO BHUMAaHUE BCE ajlbTEPHATUBBI U BCE
COCTOSIHMSA Npupoabl. Hanpumep, a1 GyHKIMHK KallUTaabHBIX 3aTPAT COOTBETCTBEHHO MPUHUMAEM

max Zg i, min Z ;.
T AN D R s VY
i=1...M i=1,..,M

Ha cnenyromem stare ocyuiectisiercss popMHUpOBaHHE arpernpoBaHHOM IUIATEKHON MaTpuipl (Tadm. 2)
Ha OCHOBe ycloBus (5), paccMaTpuBasi OXHOBPEMEHHO BCE YaCTHbIE LEJIEBbIe (DYHKLHUH, a, COOTBETCTBEHHO, U
BCEe MOAM(UIIMPOBAHHBIE MIATEKHBIE MATPHUIIBL.

Ta6numa 2
ArperupoBaHHas IUTaTEKHAS MaTPHIIA
CoueTaHust UCXOIHBIX JaHHBIX
AJbTepHATHBHI 1 i M
1 Kp11 KDy, j Upim
i Upi1 KDi, j K bi,m
N MDN 1 UDN, j HDN,M

Hns aHanuza chOpPMUPOBAHHOM TakUM OOpa3oOM arperdpoBaHHON IUIATEXKHOM MATPHUIBI MOTYT OBITh
HCTIONIB30BAHBI JIIOOBIE M3 KPUTEPHEB TEOPHH TP C IIETBI0 BHIOOpa ONTUMANBHOTO pemeHus. OIHAaKO B TaHHOM
cilydae IPUHAMAEMOE pelieHre OyIeT y)Ke yIUTHIBATh BCIO COBOKYITHOCTh PACCMAaTPHBAEMBIX B 33/1a4€ IIEIEBBIX
GhyHKIMH.

B gactHOCTH, B COOTBETCTBHHM ¢ KpHTepueM Banbaa BHIOOp ONTHMANBHOH ambTEPHATHUBBI MPOMCXOAUT B
COOTBETCTBHH C YCIOBHEM

max ppj j = Max min  min pq; .
1<i<N 1<i<N 1< j<M 1<q<Q
rre Q — KOJTMYIECTBO pacCMaTPUBAEMBIX IIEIEBHIX (PYHKIHIA (OIIEHOYHBIX XapaKTEPUCTHK ITPOEKTaA).
CornacHo kpurepmro Jlamiaca nmeem

1 .
max uDi,j = max — Y, min ”q,i,j .
1I<i<N

B JAaHHOM CJIy4ac TaKiKE€ MOKET OBITH C(i)OpMI/IpOBaHa 1 MaTpula puCKoOB
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max max
Ri,j =HDi —HMpi,j> T Hpj = MaX ppjj,
1<i<N

YTO JA€T BO3MOKHOCTDb OCYIIECTBUTH BI)I60p ONTHMAaJIbHOU AJIBTCPHATHUBBI HA OCHOBC KPpUTCPUHN C3BI/II[>Ka

min R"™ = min max | max min pg; ;- min pg;
1<i<N I<iSNI<j<M|[ 1L j<N I<q<q 1<q<q

Takum oOpaszom, oOpamasick K KPUTEpUSIM TEOPHH WTP M HCIONB3YS INPEICTaBJICHHBINH BBIIIE IMTOIXO,
TIOSIBJISIETCSL BO3MOXKHOCTh BBIOOpA ONTHMAIBHOM albTEPHATHBBI HE TOJBKO C YYETOM HEOIpPEeNeIEeHHOCTH
UCXOJHOW MH(OpMaNuK, HO ¥ IPUHUMAs BO BHUMaHHE MHOTOKPUTEPHAIBHBIN XapakTep 3aJaqH.

OpHako, Kak MOKa3bIBAET OIBIT, BO MHOTHX CIIy4dasX KaXJOMY M3 KPUTEpUEB TEOPUU UTP COOTBETCTBYET
CBOSI ONTHMaJbHAasl ajbTEpPHATHBA, YTO 3aTPyAHSET BHIOOpP OKOHYATENBHOrO pelneHus. llomumMo 3TOro
HEOOXOMMO Y4ECTb, 4TO B (POPMUPYEMBIX PELICHUSX MapaMeTphl OTAEIbHBIX TeHEPUPYIOIIMX YCTAHOBOK HOCST
WHIIMKATUBHBIM XapakTep M HE COOTBETCTBYIOT XapaKTEPUCTHUKAM CEPHIHO BBITyckaemoro obopynoBanusi. B
CBSI3U C THM IIPE/CTABISIETCSI LIENIeCO00pa3HbIM TIePEeX0/l KO BTOPOMY ITaIly PEUICHHs 3aJlaud, CBSI3aHHOMY C
TEXHUKO-DKOHOMUYECKMM aHaJM30M OrpaHHYeHHOr0 4YHWCla TIIOJy4eHHBIX Ha TIEpBOM JTare Haubosee
MIPEAINOYTUTENbHBIX BAPHAHTOB MTOCTPOECHUS MUKPOCHCTEMBI.

4 AJroput™M TeXHHKO-I)KOHOMHYECKOI0 CPABHEHHMSI BAPHAHTOB € YYeTOM HeolpeaeleHHOCTH
uHdopManuu.

B pBIHOYHBIX YCIOBHUSIX JIO0OH CYOBEKT XO3SCTBEHHOM [IESATENBHOCTH MpPU TPUHATHH PELICHHH
HEN30eKHO CTAJKMBAETCS C HEOIPEAEICHHOCTSAMH Pa3JInuHOrO BHAA U MPOUCXOKAeHHA. HeorpeaeaeHHoCTh B
KOHTEKCTE TIOJMOOHBIX 3a/a4 TPaKTyeTCs Kak HEMOJHOTa WM HETOYHOCTh HH(pOpMaluu 00 YCIOBHAX
peanu3alnuy MHBECTHLIMOHHOTO MpoekTa. [Ipu 3ToM Bcerna CymiecTBYIOT BHEUIHHE (AaKTOPbI, B 3HAYMTEIHHOM
Mepe  ONpeAeNslolMe  pPe3ydbTaThl  WHBECTHLIMOHHOTO  IpoekTa. Takum  o0pa3oM,  HCTOYHHUKH
HEOIPEeIeTICHHOCTEH HaXOISITCS BHE PAMOK XO3SICTBYIONINX CYOBEKTOB.

B 0CHOBY THHAMHUYECKOIr0 MHBECTHIIMOHHOTO aHAJIN3a MOXKET OBITh MOJIOKEHO BhIpakeHue [13]

NPV =y —. (6)

3/1ech MOTOK IIIaTeXel xapakrepuszyercs BenumunHor CF (t), KOTOpasi MOXeT OBITh KaK IOJIOKUTEIBHON
(moxon OT MHBECTHLIMOHHOW EATEIFHOCTH), TAK U OTPHLATENbHON (MHBECTUIIMOHHBIE pacxoabl). [Toka3aTens (
MIPEe/ICTaBIIsieT COOON BETMYMHY CTABKH AUCKOHTUPOBAHUSL.

B npunmumne Bce mepeMeHHBIE, BXOIAIINE B JaHHOE BBIPAXXCHHE, MMEIOT MPOTHO3HBIM XapakTep, T.K.
OTHOCSTCS K OyIyIINM MepuoaM )HU3HEHHOO I[UKIIa HHBECTUIIMOHHOTO TpoeKTa. [103TOMY TpyIHO TOBOPUTH O
TOYHBIX 3HAYCHUAX STHX MEPEMEHHBIX.

TepMHUH HeomnpeneleHHOCTh B OOJNBIIMHCTBE CIIy4aeB O3HAYAET HE MOJHOE OTCYTCTBHE MH(pOpMaIuu 00
00BbEKTEe, a COCTOSHHE YaCTUYHOrO 3HAHMs, KOTJa MBI BCE-TaKM pacrojiaraeM KakoW-TO HH(popMalmei
OTHOCHTEIIbHO MHTEpecyIollel Hac BeIWYMHBL. B 3ToM ciydae mpocreiimieii u Hauboiee pacnpocTpaHEeHHON
CUTyaIlMell sABISETCS 3HAHWE MHOXKECTBAa BO3MOKHBIX 3HAYCHWH HEW3BECTHOM BENWYHMHBL, UYTO SBIISAETCS
MPE/IMETOM WHTEPBaJIBHOIO aHANIN3a, KOTOPBIN B TIOCIeHEE BpeMsl TpaHC(OPMHUPOBAJICS B OJIMH U3 BaXKHEUIINX
pa3AenaoB COBPEMEHHOM MPUKIATHON MAaTEMATHUKH.

BakHbIM CBOWCTBOM CTaHIAPTHBIX apU(PMETHUECKUX JCHCTBUN C MHTEPBAIBHBIMH BETMYMHAMHE SBIISETCS
HE TOJIBKO TO, YTO OHH MPHUBOAAT K PE3KOMY PACIIMPEHUIO MONTYYaeMBIX B PE3yAbTaTe MHTEPBAJIOB, HO TAKKE
OTCYTCTBHE OOPATHBIX OIEPAITHIA.

Eme ogarM HEOOBIYHBIM CBOMCTBOM HWHTEPBAILHON MaTeMaTHKH [14] sSBiIseTCS TO, 9TO IPU BHIYHACICHUHN
(GyHKIMH BEUIECTBEHHBIX apIyMEHTOB MOTYT OBITh MONYYEHBI Pa3IH4YHbIC PE3ylbTaThl. JTO B psjAC CIydacB
3aTpyAHSAET MIPUMEHEHNE TaHHOTO MaTeMaTHYeCKOro almapaTa Ui pelieHus MpakTHIeckuX 3amad. Hampumep,

X + X
3HaYCHUE (YHKIHAH y="1772 npu yemoBuu X =[5, 10], X, =[1, 2] maer pesymsrar Yy =[0,667, 4].
X =X
2
Ecnu  npeoGpa3oBaTh HMCXOMHOE BBHIPAKEHHE K OKBHBAJIECHTHOMY BHJLY y:1+x—, TO B HpOLECCE
A1
X2

BBIMOJTHEHUSA COOTBETCTBYIOIIMX OMEpalyii C HWHTEPBANBHBIMH  BEIWYMHAMH MONYy4aeM  pe3ylbTat
y=[L222, 2,333] co 3HAYMTENHLHO MEHBIIHM YPOBHEM HEOPENETEHHOCTH.

[epeuncnenHble 0OCTOSTENBCTBA CTUMYINPOBATIH pa3pabOTKy aJbTEPHATUBHBIX TTOXOJ0B K BBITOJHEHUIO
apudmernyeckux oneparuii [15—17]. OnHako, y9uThIBast, YTO VIS BBITOTHEHHS apH()METHIECKIX OIeparyii Ha
OCHOBE YKa3aHHBIX IIOJIXO/I0B HEOOXOIMMO BBIIIOJHEHHE psAa YCIOBHH, W OHM HE BCErja NPHUMEHHMBI Ha
TIpaKTHKe, XaHCeHOM OblTa pazpaboTaHa 0000meHHas! HHTepBaIbHAs apudmeruka [18].
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B stom crydac i y)lO6CTBa ONCpUPOBAHNS MHTEPBAJIbHBIC BCIIMYNHBI X [)_(, X] MpEACTAaBJIAKOTCA B Q)opMe

X+X X—X

= c=—=.
2 2
CJ'IeZ[OBaTeJ'H)HO, IIPOU3BOJIbHAs TOYKA M3 MHTEpBAIA X €& X OIIpeACISIETCS B BUAC X=Y+a, Iae

X=y+c,rme y==

a €[—c,c]. B 10 e Bpems s mutepanbHoro Bekropa X = ([Xq]..[Xy )1 j - wiit nurepsan |X jJ MOKET ObITh

MIPEICTaBIICH B 0000IIEHHON HHTEPBATBHOM (popMe CIemyroImuM o0pa3om
[X] = [yJJ+ [0,0)eq +...+[0,0)erj_4 +[L1)erj +[0,0]er g +...+[0,0)exy = [yJJ +[11)e; )
Eciau HeoOX0MMO HAaHTH WHTEpBaJ, COACPKAIINA MHOKECTBO 3HAYCHHH DPAIMOHATBHOTO BBIPAKCHHUS,
3aBHCSIIETO OT N NMEPEMEHHBIX, TO, NMPEJCTABUB KAXKAYI0 MepeMeHHyIo X; € X; B Buze (7), pe3ynbTupyromias
BEITUYMHA, TIOJIyUYeHHAs B Pe3y/IbTaTe BHIYHUCICHHUIA, OyIeT Mpe/IcTaBIeHa CACAYIONMM 06pa3om

n
Xi :Yi + ZarZir .
r=1

B npusenennom Beipakennn Yi, Zp, i=12,..,n, r=12,..n — Hekoropsie uureppansl, & €[-Cr,C],
Z; =[11], z;; =[0,0], i=r.

Apudmernueckue onepandd Haj OO0OOLIEHHBIMM WHTEPBAaJaMU BBINOJIHSIOTCS B COOTBETCTBUHM CO
CIIEIYIOLIMMU MpaBUiIaMu. JlomycTum, 1Ba 0000IIEHHBIX HHTEpBAIa MPECTaBICHbI KaKk

Dl=Dal+ Senlziel, X )=yl £ enlzye]
Torma
[Xi ]=[Xi1£[X;]= y.]+[y,]+za.([z.r]+[ f) X=X )= yk]+2ar[zkr]

e =Dkl etz ) Zal=bib e byl 2ad s ki) 2 epleo]
p#r

[xk]=1[—']] i+ Lenlzie]

j
[YjJ'[Zik]_[yi]'[ijJ

rae [yk]zl[)}//ﬁ]’ [Zkr]=
J
[yj | Iyjl+ [=220: pﬁlcp[sz]

p£r

B coorBercTBMM C TNpHBENCHHBIMH BBIIIE MPAaBHIaAMH OOOOMICHHOW HHTEPBAIBHOW apH(METHKH,
MIPECTaBUM MHTEPBAIBHYIO BEMUYMHY () CTaBKH JUCKOHTHPOBaHU (6) B BUIE
4=0o+Ug, —Tq=Ug=Tq.
GQ+9 CI2 _2-%

rae gp = > rq 5

B 5TOM cIrydae MHTEpBaIbHOE 3HAYEHHE YUCTOTO HPHBEACHHOTO TOXOMa [NPVl, NPVZ] OIIPEEIUTCS
CIEeIYIOIIM 00pa3oM

N (cp® ce®O® N (cp® ceOE®
NPVl_Eo( g0 9 p® | NPV2 =2 AO T )
t/2
rie AD = (14qo), BO =t(1+qo)t 2, DO = (1+q)! +k21Ct2k(1+ o) 2,
(t-1/2 nl
F(t) —t(1 t—1 C2k+1 1 t—l+2kr2k ' Ck _ . .
( +QO) + k§1 t ( +QO) q n k!(n—_k)!

O‘IGBI/IHHO, 4YTO, B TMPHUHOUIC, AHAJITOTMYHBIM 06pa30M MOXKET OBITh yY4T€Ha W HCEOHNPCACICHHOCTDH
I/IH(i)OpMaHI/II/I pu 3aIaHNK TOTOKa IUIATSXKEH.

Taxum 06p330M, Ha BTOPOM 3Tane pCUuICHUSA 3adavu BBI60pa OITHMAaJIbHOU CTPYKTYPBI U MApaMETPOB
MHUKPOCHUCTEMbI, HCHOJIb3YyA YKE MPCABAPHUTCIIBHO MONYYCHHBIC HWHAWKATUBHBIC XAPAaKTCPUCTUKHU Hanbolee
PAallMOHAJIBHBIX TIPOCKTOB, (1)OpMI/Ipy€TC$I OrpaHUYCHHOC HYHUCIO MOJJICIKAIUX TEXHHUKO-9KOHOMHUYCCKOMY
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CpPaBHCHUIO  AJIBTCPHATHBHBLIX  BAPHUAHTOB. Z[J'IH JAHHBIX  AJIbTCPHATHBHBIX  BAPHUAHTOB  IMOCTPOCHMUSA
MHUKPOCUCTEMBI OIPEACIAIOTCA BO3MOXHBIC IMMOCTABIIMKH 060py}_'[0BaHI/I${ a, COOTBCTCTBCHHO, M BCC HX
q)aKTI/I‘IeCKI/Ie OKOHOMHYCCKUEC N TEXHUYCCKUC XAPAKTCPHUCTUKH. OCYIHGCTBHﬂeMLIfI IIOCJIC 3TOro TCXHHKO-
SKOHOMUYECKUI aHaIu3 C Y4Y€TOM HEONPCACICHHOCTU BHCUIHUX q)aKTOpOB, BIIMAIOIIMUX Ha 3(1)(1)€KTI/IBHOCTI)
IIPOCKTOB, MO3BOJIACT C OOJIbIIEH CTEEHbI0 OOBEKTUBHOCTHU OLICHUTh TCXHUKO-3KOHOMHUUYCCKHUEC ITOKA3aTCIIN
CpaBHUBACMbIX aJIbTCPHATUB U, CIICA0BATCIIbHO, CACIATh Ooree 000CHOBaHHBIH BH60p HaWwy4qmiero.

5 BoiBOaBI

OmHUM U3 aKTYyalbHBIX M TEPCIICKTUBHBIX HAIMPABIICHUHA pPa3BUTHS JHEPIrETHKH, KOTOPOE YOCAUTEIBHO
MTOJTBEPXKACTCS MHPOBOM TPAKTUKOW, SBISACTCS (OPMHPOBAHUE, TaK HAa3bIBAEMBIX, MHKPOCUCTEM,
00BETUHSIOMUX KaK TPATUIIMOHHBIC, TaK U aJTbTCPHATHBHBIC UCTOUYHUKH 3HEpPruu. OTCYTCTBHE HEOOXOIMMON
MPaBOBOW 0a3bl, TEXHUYECKOM M 3KOHOMHYCCKOW PETIAMEHTAIMU OTHOCUTEILHO HMHTETPAIMU HCTOYHUKOB
pacrpene/IeHHON TeHepalluy B JICKTPUIECKUE CETH, JeTacT BOMPOCHl POPMUPOBAHHMS JIOKATLHBIX MHUKPOCUCTEM
0c000 akTyalbHBIMU JUIsI YKpauHbl. CIIOKHOCTh pEIICHHs JAHHOW 3aJayd B HAICH CTpaHE YCIOKHICTCS
OTPaHUYCHHOCTHIO UMEIOIIUXCS MaTePHATIBHBIX PECYPCOB, OTCYTCTBHEM aJIeKBATHOW MH(DOPMAIIMOHHON CPEeIbl.
VYka3aHHBIC OOCTOSTENLCTBA 3aCTABIAIOT YACHATH CaMOE CEpPbe3HOEC BHUMAHHE BOMPOCAM  CO3JAHHS
O00BEKTHBHBIX MAaTEMAaTHYCCKUX MOJCNCH, HCIOMb3YeMbIX JUISI ONpPEICIICHHs] ONTHMAJIBHOH CTPYKTYPBI H
MapaMeTpoB MHKPOCUCTEM. [Ipe/UiokeHHBI B paboTe s 3TOW LEeNH ajrOPUTM MO3BOJSIET YYECTh
MHOTOKPHUTEPHATIBHOCTh PACCMATPUBAEMON 3a1a4l ¥ HEOMPEACICHHOCTh UCXOMHOW MH(GOPMAIMH, MPHUCYIIYIO
HO/IABJISAIONIEMY OOJNIBIIMHCTBY 3aJ1a4y MPOSKTHOTO XapakTepa. BO3MOKHOCTh KOPPEKTHOIO y4eTa yKa3aHHBIX
(hakTOpOB MO3BONSET 00ECHEUUTh MAaKCUMaJBHYIO aJeKBaTHOCTh (DOPMHUPYEMbIX MaTeMaTHYEeCKHX MOAEIeH U
000CHOBaHHOCTh IOJy4aeMbIX Ha OCHOBE HMX aHaju3a pEUICHHH a, Kak CIIeJCTBHE 3TOr0, rapaHTHPOBATh
(akxTrueckyro 3pHeKTHBHOCTb UCIONIB30BAHUSI 3aJIAXKEHHOT'O B ITPOEKTaX TeHEPUPYIOIIEr0 000pY10BaHHS.
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V. Popov, O. Yarmoliuk, P. Zamkovyi, I. Dmitrenko
National Technical University of Ukraine «Kyiv Polytechnic Institute»
A TWO-STEP ALGORITHM STRUCTURE AND PARAMETERS MICROSYSTEMS WITH
UNCERTAINTY INFORMATION
In this paper, the expediency of forming microgrids, as one of the important directions of the modernization
of the energy sector of Ukraine, is justified. However, for the successful implementation of such the projects, it is
necessary to provide a convincing argumentation for choice the structure of primary energy sources, as well as
the nominal capacities of all types of generating equipment. Decision making is based on an analysis of possible
alternative options for building microgrids, using several groups of factors of economic, technical, social, etc.
character. For this purpose, a two-step algorithm that allows one to take into account the uncertainty of the
initial information, as well as multi-criteria nature of the problem is proposed. In the first stage comparison of
the preformed variants of microgrids is based on the mathematical apparatus of the games theory and is
associated with the construction of payment matrices for each of the of the objective functions accepted for
consideration. With the purpose to take into account multicriteria nature of the problem, the Bellman-Zadeh
approach is used. It allows one to form a generalized multidimensional payoff matrix. Further analysis of this
matrix can be based on any of the criteria of the game theory. It is assumed that at this stage will be determined
a limited number of alternatives that are most rational from the standpoint of the individual criteria. In the
second stage selection of the optimal solution is performed by using the procedures of investment management.
In this case, on the one hand, we can take into account the actual cost and the technical characteristics of the
used equipment, and, on the other hand, we can consider the uncertainty of information connected with the
external conditions of the investment project realization, by setting a number of factors (for example, discount
rate, payment flows) in the interval form and using in the corresponding calculations the generalized interval
arithmetic of Hansen.
Keywords: microgrids, game theory, multicriteria decision making, the Bellman-Zadeh approach, interval
arithmetic of Hansen.
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B.A. llonos, O.C. SIpmouiok, I1.0. 3amkoBuii, [.A. IMmutpenko
HanionansHnii TexHivHmii yHiBepcuTeT YKpainu « KuiBcbkmii nmojiTexHivyHui iHCTATY T
JBOXETAITHUM AJITOPUTM BUBOPY CTPYKTYPHU TA TIAPAMETPIB MIKPOCUCTEM 3
YPAXYBAHHAM ®AKTOPY HEBU3HAUYEHOCTI
YV pobomi obrpynmosyemuca doyinbnicms opmysanus Mikpocucmem, K OOHO20 3 BAICIUBUX eMAniq
MoOepHizayii enepeemuunoi eanysi Yxpainu. OOnax 011 ycniwHoi peanizayii 3a3HAYeHUXx npoexmie HeobxioHo
3abe3neyumu pemenvHy apeyMeHmMayilo BUHAYEHHS K CMPYKMypU NEepeUHHUX odicepen euepeii, max i
CNiBGIOHOWEHHS. HOMIHAILHUX NOMYHICHOCMEU 6CIX MUNIE 2eHepY4020 00NAOHAKHS, WO 6X00umb 00 CKIA0y
Mikpocucmemu. Piuennss 6iOHOCHO 3a3HAYEHUX NUMAHbL NPULLMAEMbCS HA  OCHOBI  AHANI3Y MOJNCIUBUX
ALMEPHAMUBHUX 8apIAHMIE NOOYO08U MIKDOCUCTEMU 3 YPAXYBAHHAM OEKIIbKOX 2pyn (haKmopis eKOHOMIUHOZO,
MEXHIYHO20, COYIanbHORO U IHWO020 Xapaxkmepis. J{ns danoi memu 6y10 po3pooieHo 080emMaAnHUL AN20PUMM, O
00360J1€ 8PAXYS8AMU HEGUIHAUCHICMb 8UXIOHOI IHopMayii, a makodic 6azamoKpumepialbHUll Xapakmep 3a0aui.
Ha nepuiomy emani nopisnsnns nonepeonvbo cghopmosanux eapianmis noby0osu mMikpocucmemu 30HCHIOEMbCS
HA OCHOBI MAMeMAamu4HO20 anapamy meopii ieop i nos’si3yemvcs 3 noOy0060I0 NAAMINCHUX MAMPUYb HO
KOOJICHIUL 3 MPULIHAMUX 00 po32asidy Yinbosux Qyukyin. s ypaxyeauns 06a2amokpumepiaibHO20 Xapakmepy
3a0aui  euKopucmosyemocsi nioxio bewimana-3ade, wo oac Mmodcausicmb  COpMYeamu  y3a2aibHeHy
bacamosumipny niamixcry mampuyio. Tooanvuuil it ananiz moce 30IUCHIO8AMUCs HA nidcmasi 6y0b-1K020 3
Kpumepiie meopii icop. Ilepedbauacmvcsi, wjo Ha Oanomy emani Oyde GUSHAUEHO O0OMeEICEHA KINbKICMb
anbmepHamue HaubiIbw payionantbHux 3 no3uyit okpemux Kkpumepiie. Ha opyzomy emani eubip onmumanbHo2o
piwienns 30IUCHIOEMbCST WISIXOM  GUKOPUCMAHHSL npoyedyp IHeecmuyiinozo menedscmenny. Ilpu yvomy, 3
00H020 GOKY, 6paAX08YIOMbCS (PaKMUYHI 6aPMICHI | MEXHIUHI XaAPAKMEPUCTNUKY 0OIAOHAHHS, SIKe NIAHYEMbCSL
SUKOpUCMOGY6amu, d, 3 IHWO020 BOKY, NPUIMAEMbCSL 8 00K HeBU3HAYEHICMb IHopMayii npo ymosu peanizayii
IH8ECTMUYIIIHO20 NPOEKMY, WISAXOM 3a60aHHs psidy (hakmopie (Hanpuxiad, cmaska OUCKOHMYBAHHS, NOMOKIG
naameicie) y inmepeanvuil opmi, GUKOPUCOBYIOUU NPU GIONOBIOHUX PO3PAXYHKAX V3A2ANbHEHY IHMEPBANbHY
apugmemuxy Xancena.
Knrwuesi cnosa: Mikpocuctema, Teopisi irop, 6ararokpurepiajibHe MPUAHATTS pillieHb, miaxin bemnmana-
3ane, iHTepBanbHa apupmMeTrka XaHCceHa.
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MIIBUIIEHHS PIBHSI EHEPTOE®EKTUBHOCTI MPOLECY
CHUHTE3Y AMIAKY HA OCHOBI PO3POBKU JUHAMIYHOI
MO/IEJII TPOLECY

Amiax € 00HOI0 3 HEOP2AHTUHUX XIMIYHUX PEYOBUH 3 HAUBUUOI YACMKOW 8UpoOHUYmMsea 6 ceimi. Ilpoyec
cunmesy amiaky € enepzo3ampamuum ma nompedye oemanvhoz2o ananizy. Takuui ananiz € MOICIUSUM mda
be3neuHum 3a 00NOMO2010 MOOeN08aHHsA npoyecy. Jana cmamms po3enadac MoOeno8an s peaKmopy CUHme3y
amiaky ma GUKOHAMHA eKcnepumenmy Hao modenmo. Modenb € Ounamiunolo, wo 0036015€ Kpauje 3po3ymimu
npoyec cuHme3sy npu panmosii 3Mini napamempis npoyecy.

Knrouosi cnosa: amiax, peaxTop, Iporec CHHTE3Y, MOICTIOBaHHA, AMHAMI9HA Moaens, MATLAB.

Beryn.

AMiak € OJHOIO 3 HEOPTaHIYHMX XIMIYHHMX PEUOBHH 3 HAWBHINOIO YaCTKOI BHUPOOHHUITBA B CBiTi. 131
MIJIBHOHIB TOH amiaky Oynu BupoOseri B 2010 pori, 3rigHo 3i ctatuctukoro [ 1], 30kpema, 3,4 MinpiioHn TOH — B
VYkpaini, 1,8 minsiionn ToH — B [lonem, 1,1 Minsiiorn ToH — B PymyHii, 2,7 minelionn ToH — B HiMeuunHi. 3a
2011 pik B VYkpaini Oymo BupoOmeHo 4,8 MinbiioHM TOH amiaky [2]. AKTyaJlbHICTh BHPOOHHMIITBA amiaky
TIOSICHIOETBCSL TUM, 10 Onim3bko 80 % BHpoOJIEHOTO aMiaKy BHKOPHCTOBYETBCS JUIi OTPHUMAaHHS J00pHB Y
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